Background:
Results:
The most common site of tumor was: ribs (6 children), femoral bone (6 children), pelvis (4 children) and tibia (3 children). In 2 children, a primary tumor was diagnosed in the spine (multifocal in 1 child).
X-rays revealed: periosteal reaction in 17 children (63%), soft tissue involvement in 19 children (70%), permeative component in 16 children (59%), and sclerotic component in 5 children (19%). In 10 children (37%), periosteal reaction was not detected. The examination revealed: soft tissue calcifications in 7 cases (26%), a well-delineated focus of destruction within bones in 3 children (11%), cortical thickening in 4 children (15%), cortical destruction in 4 children (15%), saucerisation in 3 children (11%), bone expansion in 3 children (11%), pathological fracture in 2 children (7%), cystic component in 1 child (4%), and vertebra plana in 1 child (4%).Reaction of tumors after i.v. contrast administration, shown on CT, was visible in 16 children -it was useful for a better description of the tumor and extension of the mass within the soft tissue.All MRI examinations (12 children) showed a heterogenous mass with ill-defined borders and a violated cortex. Low signal
Background
Ewing sarcoma constitutes approximately 10% of all malignancies of the bones and 1-3% of all paediatric cancers. It is second the most frequent malignancy of the bones in children [1, 2] . Among all malignant cancers of the bones in children, Ewing sarcoma accounts for approx. 41% of the cases in children of up to 14 years of age, and approx. 28% in children aged 15-19 years [3, 4] .
Clinical symptoms of the tumour are not specific. They include pain -often at night and disrupting sleep -swelling, fracture -often associated with a suspected injurylimited mobility and impaired walking ability. Local symptoms depend on tumour location. Primary focus located in the spine, proliferation of the tumour into the vertebral canal, or involvement of the intervertebral foramen may lead to radiculalgia, paresis of paralysis. Tumours located in the bones of the thoracic cavity (ribs, spine) or in the pelvic bones may be associated with an elevated body temperature, cough, or urinary tract infections -which delays the diagnosis. Involvement of the cranium, infiltration of the meninges, or metastases to the brain may induce changes in child's mood and behaviour. Fever, advancing marasmus, cough, difficulties in breathing -may be the symptoms of metastases to the thorax [5] [6] [7] [8] [9] .
Clinical diagnosis of the bone cancer becomes possible after a plain X-ray, which is essential for further diagnostics and therapeutic management. Plain X-ray revealing a focus of inhomogeneous, osteolytic and ill-delineated lesion, as well as malignant periosteal reactions constitutes a basis of 'malignant bone cancer' diagnosis. Periosteal reactions may be absent in flat bones. Typical features of Ewing sarcoma include: foci of permeative degeneration or foci of 'eaten by moths' type, periosteal reactions -of 'onion bulbs' type in most of the cases (rarely of 'sunbeam' type, i.e. so called spiculated), and a concomitant tumour of soft tissues.
In order to visualise a malignancy, it is necessary to widen X-ray diagnostics by an MRI or a CT. MRI is the most detailed method of tumour visualisation. It may be used for visualisation of the following pathologies: tumour and its structure, as well as neoplastic involvement of the marrow cavity and of the adjacent tissues. CT images are most useful in evaluating the degree of bone destruction and concomitant malignant periosteal reactions. Owing to the measurements of tissue density, it is also possible to assess the marrow cavity.
The role of laboratory tests is insignificant (elevated ESR, alkaline phosphatase).
The final diagnosis of the type of malignancy requires a histopathological confirmation, in order to exclude inflammation and to differentiate with other small round cell carcinomas found in children: sympathoblastoma, primitive neuroendodermal tumour (PNET), microcellular osteogenic sarcoma or non-Hodgkin's malignant lymphoma [6, 10, 11] . Ewing sarcoma, PNET tumours, Askin tumour (PNET tumour of the thoracic cavity) belong to Ewing family of tumours. In cytogenetic examinations, they reveal a chromosomal translocation t(11;22)(q24;q12), which indicates their common histogenesis [3] .
The aim of the work was to assess the usefulness of the imaging methods (X-ray, CT, MRI) in the diagnostics of Ewing's sarcoma in children.
Material and Methods
A retrospective analysis involved X-ray, CT, and MRI images of bone tumours, performed in the years 1996-2007, at the Institute of Imaging Diagnostics, Public Hospital No. 6 of the Upper Silesian Centre for Child Health in Katowice, as well as MRI images carried out at the Laboratory of HELIMED. The examinations involved 27 children (13 girls and 14 boys), at the age from 1 year and 10 months to 17 years and 2 months (mean age 12 years and 3 months) ( Table 1) .
In all cases, the final diagnosis based on the results of a histopathological examination.
intensity of the tumor in a T1-weighted image and high signal intensity in a T2-weighted image was shown as well.
Heterogenous enhancement of signal intensity on T1-weighted images could be observed after i.v. contrast administration.
MRI examinations showed: tumor in an adjacent soft tissue in 11 children, and involvement of the epiphyseal plate or of the joint cavity in 6 children.
Conclusions:
X-ray and MRI are essential in diagnostics. CT examination is more useful to estimate periosteal reactions and destruction of bone and marrow cavity, especially in flat bones. However, to recognise a malignancy, it is necessary to perform a histopathological examination. In doubtful cases, the examination has to be verified as well.
All the children underwent plain X-ray imaging of the involved bones. MRI examination was carried out in 12 children, and CT of the involved bones -in 20 children.
In accordance with the current protocol for diagnosis and treatment, all the children underwent chest CT. Bone scintigraphy was performed in 13 cases, and USG of the bonejoint system in 6 children.
We measured the time period from the moment of clinical symptom onset, to the first X-ray of an involved bone. 
Results
In 19 children (70%), the first clinical symptom was pain of the involved site (Table 2 ). In 5 children, it was associated by a local swelling and a palpable tumour. Nyctalgia appeared in 3 cases. Four of the children (15%) had a palpable tumour or oedema, not associated with any pain. In one case, the tumour was found by accident, after a casual injury. Two children (7%) were diagnosed with a pathological fracture. There were single cases of an elevated body temperature, weakness, decreased body mass, changes of behaviour, urinary tract infections and persistant bronchitis.
Time that passed from the onset of clinical outcomes till the first X-ray was not always the same. There were two asymptomatic cases in which the tumour was diagnosed by accident, during an X-ray for a sustained injury. In one case, the tumour involved the fibula, and in the other one, the pathologically fractured femur only. In case of Ewing sarcoma originating from the clavicle, the first image was taken after 7 months from the onset of pain. Mean time that passed from the first X-ray amounted to 3 months (2.95 months).
In the study material, the primary focus of Ewing sarcoma was revealed in the ribs of 6 children, in the femoral bone of 6 children, in the pelvic bones of 4 children (iliac, pubic,
Clinical symptom
Number of children Table 3 . Location of Ewing's sarcoma within the skeletal system (n=27).
sciatic), and in the tibial bone in 3 children. Tumour of the spine was present in 2 cases -in the first case it was only one vertebra -L2, and in the other child it was multifocal (lesions in the thoracic, lumbar, and sacral spine, as well as in the temporal bone and within the clavicle). The locations of the tumour were presented in Table 3 .
In the studied group of 27 children, there were 19% of cases with Ewing tumour originating from the pelvic bones, and 44% of cases in which the tumour originated from the long bones. The most common location within the long bones was the diaphysis and the metaphysis (Table 4) .
At the moment of diagnosis, in 8 cases, the tumour involved only bones, without any infiltrations of the soft tissues. The involved bones included: ulna, femur, tibia, ilium, ischium, temporal bone, and lumbar vertebra. In the remaining 19 cases, the tumour infiltrated the adjacent tissues.
Distant metastases were found in only 3 children (11%): one in lungs (with the primary location being vertebra L2), one in lungs and the temporal bone (primary location: clavicle), and the last one in vertebra Th11, complicated by a pathological fracture (primary location: tibia).
X-rays of 17 children (63%) showed malignant periosteal reactions ( Figure 1 ). In 19 cases (70%) there was involvement of soft tissues, and in 16 children (59%) -a diffuse destruction of the bones.
In 10 children (37%), periosteal reaction was not detected. The examination revealed: soft tissue calcifications in 7 cases (26%), a well-delineated focus of destruction within bones in 3 children (11%), cortical thickening in 4 children (15%), cortical destruction in 4 children (15%), saucerisation in 3 children (11%), bone expansion in 3 children (11%), pathological fracture in 2 children (7%), cystic component in 1 child (4%), and vertebra plana in 1 child (4%).
CT examination was performed in 20 children (Figure 2) . CT before and after contrast administration was carried out in 16 children. In four children, the contrast medium was not injected. All 16 children were proved to show a reaction of the tumour to the intravenous contrast agent -which allowed for a better morphological assessment of the tumour and of extension of the infiltration within the soft tissues. CT examination enabled a precise evaluation of the degree of bone destruction and periosteal reactions. In four cases, the tumour was not surpassing the outline of the bones. In 12 cases (60%), it was infiltrating the adjacent soft tissues.
In all analysed MRI images (12 children), Ewing sarcoma revealed an inhomogeneous structure and ill-delineated borders; it caused thinning and cortex discontinuation. MRI results of 11 children showed tumour in the adjacent soft tissues. In 6 cases, the tumour involved the epiphyseal plate or of the joint cavity. In all children, the lesion showed a decreased signal intensity in T1-weighted images, and an increased signal intensity in T2-weighted sequences. An important role in bone tumour imaging is played by sequences with fat saturation -STIR, FAT SAT. T2-weighted images with fat saturation allow for an exact determination of the tumour borders, the presence of infiltrations of the marrow cavity and of the fatty tissue adjacent to the tumour, as well as the presence of the necrotic spheres ( Figure 3A,B) .
Moreover, T1-weighted images with fat tissue saturation, after i.v. contrast administration, enable an exact Table 4 . Location of Ewing's sarcoma within the long bone (n=12). In a few cases, X-ray image was not suggestive of malignancy. Special attention should be paid to cases of a suspected inflammatory lesion of the bones.
Diagnosis of Ewing sarcoma requires a histopathological confirmation. In this diagnostic test, Ewing sarcoma is shown as a light grey or white, well-vascularised, soft tumour, often with concomitant haemorrhages and with necrotic foci which may resemble inflammatory purulate exudates. The cancer consists mostly of tiny, round cells, including small amounts of bright or eosinophilic cytoplasm with indistinct borders, merging with adjacent cells. The nuclei are oval or round, with fine-grained chromatin, without visible or with single nucleoli. The cancer is atypical in approx. 5% of all cases. It is then built of slightly larger cells with pleomorphic nuclei, with distinct nucleoli. The tumour is characterised by a low mitotic activity (slightly higher in the atypical form). It proliferates in the form of solid fields, separated by a meagre stroma. It may also infiltrate adjacent tissues with thin strands of cells ( Figure 7 ).
Discussion
The study group included 27 children -13 girls and 14 boys. According to the literature, this tumour is more frequent in boys (ratio ranging from 1.5:1 to 2:1) [3, 12] . Our material did not confirm this quantitative predominance of male subjects, which was most probably connected with an insufficient number of children included in the study.
Patient's age and location of the tumour within all bones or one bone constitutes an important fact for the differential diagnosis [13, 14] .
The analysis of some chosen clinical data showed that, similarly to other primary bone tumours, there was no clinical symptoms characteristic for Ewing sarcoma, which was in accordance with the literature [3, 8] . In the study group, 19/27 patients (70%) experienced pain of the involved area.
In five cases out of 27, the examination revealed a tumour or oedema, without concomitant pain. Night pains were present in 3 children (3/27). Four children out of 27 were diagnosed with tumour or swelling without concomitant pain. There were single cases of an elevated body temperature, weakness, loss of body mass, changes in child's behaviour, urinary tract infections, and persistant bronchitis.
In the analysed group of children, the time period from the moment of clinical symptom onset, to the first X-ray examination ranged from 1 day to 7 months (mean time of approx. 3 months). According to the literature, the mean time from symptom onset to the diagnosis amounted to approximately several months [3, 4, 6] . Ewing sarcoma may develop in every bone [3] . In the long bones, it is typical for Ewing sarcoma to locate its primary foci in the bone shafts. The second most frequent location (apart from the diaphysis) is the spine and the flat bones. The primary foci are less frequent in soft tissues [12] .
In the studied group, Ewing sarcoma originated from the pelvic bones in 6 cases and from the long bones in 12 individuals (including 6 cases of the femoral bone). In the long bones, the most common location was the diaphysis (11 children), including the metaphysis -in 8 cases out of 12.
In one child, the primary site of origin was the metaphysis only. Location of the primary focus within bones in the analysed paediatric group did not differ from the literature data [3, 12, 15] . There were no cases of the tumour involving the epiphysis of the long bone, which is consistent with the literature [3] . In the Intergroup Ewing's Sarcoma Study (IESS) published in 1984 [12] , carried out by Mallinckrodt Institute of Radiology (Washington University) and including 373 patients, there was only one lesion of the epiphysis, found in the group of 206 tumours of the long bones.
X-ray visualisation of malignant periosteal reactions, diffuse bone destruction, and soft tissue involvement allowed for the diagnosis of malignancy. In our material, X-ray images showed a diffuse degeneration of bones in 16/27 children (59%), and a well-delineated pattern of bone destruction in 3 children (11%) -as compared to the literature data: 72% and 16%, respectively [12] . Malignant periosteal reactions were found in 17 cases; soft tissue involvement was observed in 19 children. In 10 cases out of 27 (37%) there was no malignant periosteal reactions. Three cases out of 27 (11%) revealed a well-delineated focus of destruction. In four children out of 27 (15%) there was only a thickening (without any distruction) of the cortex. Three children (11%) were diagnosed with bone expansion.
Periosteal reactions were observed in 63% of children in total. The 'onion bulb' type was found in 9 children (33%), while the 'sunbeam' type in 8 individuals (30%). The IESS study [12] showed a predominance of the 'onion bulb' periosteal reactions. They were found in 53% of cases.
Three of the children (11%) from our study group were diagnosed with saucerisation, described in the literature in approx. 4% of cases only [12, 16] .
Two children (7%) were found to have a pathological fracture. Cystic component of the tumour was found in one case (4%). Moreover, our material revealed one case of a flat vertebra 'vertebra plana' -an extremely rarely observed finding in Ewing sarcoma ( Figure 6D-G) . The IESS study found only one such case in the group of 373 patients, which constituted 0.3% (Table 5 , Figure 8 ).
At the moment of diagnosis, the tumour frequently infiltrates the adjacent soft tissues. This happens, according to the literature, in 55-75% cases [12] . In the study group, involvement of the soft tissues at the moment of diagnosis Soft tissue calcifications were present in approx. 26% of children, which is in accordance with the literature: from 8% to 55% [12] .
Two children were treated for the inflammation of the clavicle and of the middle phalanx of the V{ th digit of the left hand. X-ray was not suggestive of malignancy. It should be remembered to exclude malignancy in case of persistant inflammations. If other imaging methods and histological examinations are not included in the diagnostic work-up, the time to diagnosis (of malignancy) will be longer.
The number of children with distant metastases in the study group accounted for approx. 11%. According to the literature, this proportion ranges from 10% to over 20% [3, 5, 13] .
Magnetic resonance imaging allows for a detailed evaluation of: tumour borders, soft tissue involvement (including the vascular-neural structures), destruction of bones and epiphyseal plate, and penetration to the articular cavity ( Figure 5A-D) . It is also useful in the determination of the lesion border, i.e. in treatment planning process. Ewing sarcoma reveals a low signal intensity in T1-weighted MRI images. In T2-weighted images, the tumour shows an inhomogeneous, increased signal intensity.
In all MRI examinations (12 children), Ewing sarcoma showed an inhomogeneous structure and blurred borders. It caused tissue thinning and cortex discontinuation. In 11 out of 12 children, the tumour was found in adjacent soft tissues, and in 6 out of 12 cases -the epiphyseal plate or the articular cavity was involved. The evaluation of the presence or the structure of the tumour is easier in the following sequences: fat saturation (STIR, FAT SAT), T2-weighted and T1-weighted after intravenous contrast administration. G methods -X-ray, CT, MRI -provides us with significant and complementary information. According to the literature, both a plain X-ray, and an MRI is recommended in the course of the diagnostic work-up of Ewing sarcoma [16] .
At present, the literature underscores the role of Doppler USG in the evaluation of tumours within soft tissues, periosteal reactions and the degree of vascularisation or necrosis. Follow-up USG examinations carried out in the treatment process, for the evaluation of the range of necrosis, are of particular importance [17, 18] . A 99mTc scintigraphy, being a sensitive but not specific examination, is useful in the evaluation of the disease extension within the bones, in the localisation of metastases and in the monitoring of the disease course [19] . To evaluate metastases within lungs, it is necessary to perform a chest CT [20] . To exclude a bone tumour, it is always necessary to perform and to verify the S a u c e r i s a t i o n B o n e e x p a n s i o n P a t h o l o g i c a l f r a c t u r e C y s t i c c o m p o n e n t V e r t e b r a p l a n a % Figure 8 . Prevalence radiographic features on X-rays compared with Intergroup Ewing's Sarcoma Study (IESS).
